Redesigning the topology of a four-helix-bundle protein: monomeric Rop.
The topology of alpha-helices and beta-sheets in folded proteins is largely specified by the connectivities of the loops and turns which join them. We have used the protein Rop to test the feasibility of using short glycine-rich linkers to reconnect the alpha-helices within a four-helix-bundle protein. In wild-type Rop the four-helix-bundle structure is formed by the association of two identical helix-turn-helix monomers. Our redesigns encode Rop as a single chain to create a monomeric, rather than a dimeric, form of the protein. Characterization of a series of such variants demonstrates that new connections of this type can be used to generate stable, native-like proteins. The length of the connections is of key importance; if the loops are too short, correct association of the helices is prevented, and misfolded, higher order oligomers occur. Designs with sufficiently long loop connections, however, generate exclusively the desired monomeric form of the protein. Moreover, the successful monomeric designs bind Rop's RNA substrate with affinities that are equal to that of the wild-type protein. This result provides strong confirmation that the positioning of the helices in the monomeric variants is closely similar to that in wild-type Rop.